This study examined the effects of massage therapy on delayed-onset muscle soreness (DOMS) following unaccustomed exercise in healthy, sedentary adults.
This study examined the effects of massage therapy on delayed-onset muscle soreness (DOMS) following unaccustomed exercise in healthy, sedentary adults.
Fifteen volunteers between the ages of 23 and 63 performed 100 calf raises followed by 15 minutes of rest.
After the rest period, one leg was randomly assigned to receive a 5-minute massage while the other leg received a 5-minute placebo ultrasound treatment.
A questionnaire was administered to evaluate DOMS at 24, 48, and 72 hour posttreatment intervals when DOMS reportedly is at its peak.
A double blind control was employed so that the examiner was unaware as to which treatments were performed on each leg.
A t-test for nonindependent samples was used with significance set at the 0.05 level.
There was less DOMS reported in the massaged leg at each interval, however, only a significant DEDICATION PAGE I would like to dedicate this thesis to the massage therapy profession.
The value of good research to substantiate and validate the benefits of massage therapy is necessary to bring this mode of therapy into the mainstream of sports medicine, exercise sciences, and the other health related fields.
It is my hope that other individuals take it upon themselves to research the various benefits of massage therapy and to set up a solid methodology to control for extraneous variables. It is through good research for the massage therapy field that I dedicate this thesis. 
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INTRODUCTION
Massage has been used as a form of healing dating back to 3,000 B.C. (Bean, Henderson, & Martinsen, 1982; Gallo, 1991; Winant, 1990) . Massage therapy has been used for a variety of purposes--from alleviating stress to ameliorating ailments to assisting in sports performance.
While there is considerable testimonial evidence supporting the benefits of massage, there is very little research support for these claims (Cinque, 1989; Lally & Meyers, 1990; Samples, 1987) . As Gallo (1991) stated, massage has the potential to deliver both physical and emotional benefits, but much of the evidence is anecdotal.
Samples ( Yates, 1990).
There are three main theories surrounding the causes of DOMS (Abraham, 1979; Yackzan et.al., 1984; Yates, 1990 
REVIEW OF THE LITERATURE
PIhysiological Benefits
Several authors have hypothesized that massage has physiological benefits. This implies that it has been substantiated that massage improves the circulation of blood (helping muscle elasticity) and lymph flow (Bean et.al. 1982; Benjamin, 1986; Crosman, Chateauvert, & Weisberg, 1984; Day, Mason, & Chesrown, 1987; Gallo, 1991; Lally et.al., 1990; Paikov, 1985; Samples, 1987; Stamford, 1985; Williams, 1990; Winant, 1990; Yates, 1990 This leads us to a second physiological benefit of massage--the elimination of metabolic waste products such as lactic acid (Bean et.al., 1982; Benjamin, 1986; Cinque, 1989; Crosman et.al., 1984; Gallo, 1991; Samples, 1987; Stamford, 1985; Williams, 1990; Winant, 1990; Yates, 1990) .
In Dubrovsky's (1983) study, his results showed that massage promoted the acceleration of muscle and venous blood flow and a reduction of muscle tone (tightness) thus resulting in improved oxygen and nutrient supply to the tissues and faster removal of metabolic products from them.
On the other hand, Winant (1990) pointed out that lactic acid is removed within 20 minutes with an adequate warm down. Therefore, massage is not necessarily a factor in the removal of lactic acid from the body after exercise as long as an adequate warm down is administered.
A third physiological benefit of massage is to promote relaxation of muscles. Muscle massage reduces spasticity thus increasing muscle relaxation (Bean et.al., 1982; Benjamin, 1986; Gallo, 1991; Stamford, 1985; Winant, 1990 ; Yates, 1990) . Two studies tried to locate the mechanism responsible for this effect. Day et.al. (1987) Winant, 1990; Yates, 1990) , it passively stretches muscles and tendons (Crosman et.al., 1984; Gallo, 1991; Samples, 1987; Stamford, 1985; Yates, 1990) , reduces edema (Benjamin, 1986; Cinque, 1989; Lally et.al., 1990; Samples, 1987; Stamford, 1985; Winant, 1990; Yates, 1990) , aligns subcutaneous scar tissue and breaks up adhesions by way of a direct mechanical effect of applying tension to fibrous tissue allowing further muscular mobility and a reduction of muscle spasm (Bean et.al., 1982; Crosman et al., 1984; Winant, 1990; Yates, 1990) , and is an effective means of fighting fatigue--possibly by improvement in the conduction of nerve impulses (Paikov, 1985) . Samples (1987 ), Stamford (1985 , Winant (1990) , and Yates (1990) 
suggested a correlation between stress relief and massage.
Therefore, while it has been reported that massage may have psychological benefits, the mechanisms responsible for these benefits have yet to be identified.
Performance Benefits
In addition to the physiological claims and the psychological claims of massage during exercise, it is also reported to benefit athletes prior to, during, and following training (Cinque, 1989; Stamford, 1985; Williams, 1990; Yates, 1990 Cinque (1989) and Paikov (1985) claimed that muscle recovery is 2 to 3 times greater with massage than passive rest. Stamford (1985) claimed that massage can prevent muscle soreness, but that it is difficult to distinguish between the physiological and psychological benefits.
Other performance claims of massage are that massage increases flexibility (Bean et.al., 1982; Crosman et.al., 1984; Winant, 1990; Yates, 1990) , allows the athlete to train harder and to improve performance (Paikov, 1985; Williams, 1990) , and can be used to relieve fatigue and increase the physical work capacity of athletes (Dubrovsky, 1983; Krilov, Talishev, & Burovikh, 1985) . Crosman et~al. (1984) found that massage will increase the range of motion There was a 20 second rest interval between each set to allow the subjects to recover from any fatigue as a result of the exercise. An experimenter supervised each subject to make sure that the protocol was followed and to make sure no complications arose during the exercise.
This routine was substantiated by the administration of a pilot study to see if DOMS is induced by performing the 100 calf raises as described above. Three groups were used to determine a selection criteria for the study. The three groups used were: those who exercise their calf muscles regularly, those who exercise regularly, but do not exercise their calf muscles regularly, and those who do not exercise regularly.
Results showed that DOMS was induced in all three groups with no significant differences among the groups (using an independent t-test with the statistical significance set at = .05). However, the means of the second group were greater than the means of the first group and the means of the third group were greater than the means of the second group. Furthermore, in the first two groups, there were more instances where no soreness was induced by the exercise regimen. Therefore, because all subjects in the third group (those who engaged in no regular exercise) had soreness induced (as opposed to the first two groups where there were some exceptions) and
the means in the third group were higher than those of the first two groups (although they were not statistically different), this group of subjects was chosen for this study.
Prior to testing, all subjects filled out a health status form (Figure 1 (1990) used a group of certified Rolfers for 1 of the 3 groups used in their experiment (that study had 3 groups--a control group, a massage group, and a Rolfed group).
Therefore, for the purposes of this experiment, 1 licensed sports massage therapist was used in applying massage.
A 5-minute massage routine was randomly administered to one of the 2 legs of the 15 volunteers. Four basic massage strokes were used.
The first stroke, effluerage, is a gliding, light contact stroke (can also be moderate to deep), usually directed toward the heart to assist with venous and lymph flow (Cinque, 1989 Measurement of soreness is a subjective evaluation.
Therefore, soreness measurements were assessed by use of a subjective questionnaire ( Figure  4 ) using a ratio scale from 1 (normal) to 5 (sore) to 10 (very, very sore) (Byrnes et.al., 1985; Clarkson et.al., 1988; Maughan et.al., 1989;  Triffletti, Litchfield, Clarkson, & Byrnes, 1988) . Once the subjects completed the exercise and the treatment, each was given a list of protocols to follow ( Figure 6 ). This was done to try to minimize any differences between subjects in relation to their activities until the conclusion of the study.
A nonindependent t-test was used to determine whether the differences between the two legs were significant for the average score of all three questions at 24, 48, and 72 hours posttreatment. These three posttreatment intervals were chosen based on the studies of Buroker and Schwane (1989) 
RESULTS
There was less DONS in the massaged leg (ML) than the leg which received the placebo ultrasound treatment (PUTL) at the 24, 48, and 72 hour posttreatment intervals ( Figure   7 ). However, only a significant reduction in DOMS was reported at the 24 hour posttreatment interval. Table 2 shows the means, standard deviations, and t's for the 24, These results show that the massage application had the greatest effect 24 hours after the treatment with its effect diminishing over time.
DISCUSSION
DOMS after unaccustomed exercise peaks between 24 and 48 hours after exercise (Abraham, 1979; Yackzan et.al, 1984; Yates, 1990 Results from this study suggest that an adaptation takes place such that the muscle is more resistant to damage when it has the opportunity to exercise at a lighter load before working with a heavier load and any damage that does occur is repaired at a faster rate.
This study focused on the effects of massage therapy following unaccustomed exercise on the calf muscles of healthy, sedentary adults.
The results showed that the greatest effects of the massage in reducing DOMS occurred 24 hours posttreatment and this effect diminished over the next couple of days.
One possible explanation for this diminishing effect could be from favoring the leg that did not receive the massage treatment--thus putting more pressure on the massaged leg and therefore explaining why the effects of the massage diminished over time.
It is also interesting to point out that the standard deviation on the PUTL increased slightly from 24 to 48 to In choosing a statistical significance atu. = .05, it is important to note that alpha inflation exists when using multiple t's. This study showed a statistical significance in a reduction of DONS after 24 hours posttreatment. The t value of 2.60 (compared to the p value at 0.05 of 2.145)
indicates that it is not likely that this reduction of DOMS in the massaged leg did not happen by chance.
There is much research to be done on methods to diminish DOMS after unaccustomed exercise as there is to address the efficacy of massage therapy on a wide range of
topics.
Based Lopez 348-2075. The purpose of this research is to look at a certain aspect of exercise and its effect on performance.
The expected duration of participation is 5 days. During this 5 day period, all subjects are asked to not engage in any type of exercise--only that type of exercise that is normally part of their daily lives (i.e. walking, but not taking an aerobics class).
RISK
Subjects participating in this study will experience some discomfort, however, this will only be temporary. All subjects will be adequately supervised. Therefore, any risk associated with this experiment will be kept to an absolute minimum.
BENEFITS
Although there are no benefits to the subjects directly, your participation in this research may provide helpful information for others.
CONFIDENTIALITY
All accounts of this research will be kept strictly confidential.
Only those people directly associated with the study and Florida International University will have access to the records.
QUESTIONS
I have the opportunity here to ask questions about anything concerning this procedure and I have done so to my satisfaction.
FREEDOM OF CONSENT
Participation in this study is voluntary. Refusal to participate will involve no penalty and you may discontinue participation at any time. However, it is encouraged for all participants to complete the 5 day study since the actual experiment is conducted on the first day using the 5 Thank you for agreeing to participate in my thesis experiment.
This experiment will take place on Monday November 9, 1992.
Please make arrangements to show up promptly at your assigned times (below) so that we may stay on schedule and not inconvenience others participating in the study.
You will need the following for the study: ***a pair of sneakers for the exercise routine; ***for the treatment portion of this experiment, we need to have access to the skin of the back of your lower legs (from the feet to the knees). No invasive treatment will be used Name of Subject: You will receive a list of protocols on the day of the study.
Review of this list will take one minute and will be part of the 5 minute exercise routine.
This exercise routine has been tested by 3 pilot studies (3 practice experiments) and has been found to be effective for the purposes of the research to be conducted.
Your normal work clothes and regular makeup will not interfere with the exercise routine (but don't forget the sneakers!).
FOLLOW UP EVALUATION:
I will need to conduct a 2 minute evaluation from Tuesday through Thursday.
This evaluation will take place in the convenience of your office during the morning hours.
I will make arrangements to meet with you between 9 a~m. and 11 a.m.
If you will not be available during this time, I will make special arrangements with you if necessary. 1 -normal, no soreness 2 3 -uncomfortable 4 5 -sore 6 7 -very sore 8 9 10-very, very sore 1. Please stand on your toes one leg at a time.
I APPRECIATE YOUR PARTICIPATION IN MY STUDY!
How sore does the calf muscle of each leg feel?
Right leg_____
Left leg 2. Please stretch the calf muscles of each leg one leg at a time (see picture below). How sore does the calf muscle of each leg feel? Points used upon palpation for question #3 of the assessment questionnaire:
Right leg
Thank you again for participating in my thesis experiment.
For the purposes of proper research, it is important that certain protocols be adhered to throughout the week in order to have minimal variance between subjects.
These protocols are listed below:
1. Do not repeat, in any way, the exercise routine you will be performing until the conclusion of this study.
2.
Do not discuss this experiment with any other persons besides the experimenter. This includes asking others you may know in the experiment how they answered the items on the questionnaire or how they feel.
3.
If you drink alcoholic beverages, please limit yourself to no more than one drink per day as the alcohol may have an effect on your scores.
4.
If any out of the ordinary circumstances occur during this week that you feel may have an effect on this experiment, please report this to the experimenter as soon as possible. This would include any blows to the back of the lower leg or any activity that may have an impact on the back of the lower leg.
5.
It is encouraged to not take any aspirin, tylenol, antiinflammatory medication, or pain killers throughout the week of this experiment; however, if you need to do so, please notify the experimenter during the daily 2 minute evaluation.
6. Although it is not mandatory, it is encouraged for you to wear comfortable shoes for the week. For the ladies, high heels should be avoided if at all possible.
7.
The treatment portion of this experiment will have each leg treated differently. It is imperative that the experimenter have no knowledge of what treatment was performed for each leg. 
THANK YOU FOR YOUR PARTICIPATION!
